Background: Patient navigation (PN) can improve breast cancer care among disadvantaged women. We evaluated the impact of a PN program on follow-up after an abnormal mammogram. Conclusions: Disadvantaged women from a CHC with PN were more likely to receive appropriate follow-up after an abnormal mammogram than were those from practices without PN. Expanding PN to include all disadvantaged women within primary care networks could improve equity in cancer care.
Introduction

B
reast cancer is the most commonly diagnosed cancer in women in the United States. It has been estimated that 232,670 women would be diagnosed and that 40,000 would die from the disease in 2014. 1 Despite advances in screening, diagnosis, and treatment of breast cancer, patients continue to present with advanced disease. This is especially true for patients who are of racial and ethnic minorities, are underinsured, have low income, and have limited English proficiency. [2] [3] [4] [5] [6] In 1990, Harold Freeman, MD, introduced patient navigation (PN) in New York City to improve equity in cancer care. By creating access through free screening, improving patient adherence, and decreasing delays to following up abnormal results, PN increased 5-year survival rates from 39% to 70% among black women diagnosed with breast cancer. 7 Subsequently, PN has been implemented across the United States. [8] [9] [10] Recently, the National Cancer Institute initiated the PN Research Program to measure PN effectiveness; large randomized controlled trials (RCTs) evaluated the timeliness of follow-up after an abnormal breast cancer screening in patients receiving care in community health centers (CHCs) and/or hospitals serving predominantly disadvantaged patients. [11] [12] [13] [14] [15] [16] [17] [18] [19] Although reducing delays in breast cancer diagnosis, the impact of PN varied and was not always statistically significant. 13, 19 The objective of our study was to compare the follow-up of women with abnormal mammograms who received PN as part of their usual care at one CHC within a primary care practice network to the follow-up of disadvantaged women with abnormal mammograms who received care within the same primary care practice network but did not have access to PN.
Materials and Methods
Study setting
The study was performed in 12 primary care practices affiliated with the Massachusetts General Hospital (MGH) Practice-Based Research Network (PBRN). All practices shared an administrative and information technology infrastructure. One of four CHCs within this network, the MGH Chelsea HealthCare Center (MGH Chelsea) serves a lowincome, predominantly Latino and immigrant population. Chelsea, MA, is located about 5 miles north of Boston. According to the 2010 census, 62% of the 35,000 Chelsea residents were Latino, and 66% did not speak English. The poverty level was twice the Massachusetts average.
Intervention
With Avon Foundation support, a PN program to improve breast cancer awareness, screening, and abnormal-result follow-up in women receiving care at MGH Chelsea was implemented in 2001. During the 13 years of the program, there were two patient navigators. The transition from one to the other occurred during the study period in 2009. Both were college-educated, bilingual (Spanish/English) Latinas. They were trained in breast cancer prevention and multiple aspects of patient navigation. The community health director and a practice nurse practitioner provided supervision. All women with an abnormal mammogram were referred to the PN program for help with obtaining appropriate follow-up care. The diagnostic mammograms and breast biopsies were performed only at the MGH main campus in Boston. The navigator explored each patient's specific barriers to receiving care and then developed and implemented an individualized plan to address these barriers. The PN interventions might include educating patients, scheduling appointments, making reminder calls, arranging transportation, resolving insurance issues, interpreting, accompanying patients to follow-up appointments, and making home visits. 20 
Study population
To evaluate the impact of the program, we retrospectively identified disadvantaged women from MGH Chelsea with abnormal screening mammograms who were referred for PN between 2007 and 2010. As a comparison group, we identified disadvantaged women with abnormal screening mammograms during the same time period from non-PN practices within the MGH primary care network. We defined ''disadvantaged'' women as nonwhite, non-English speakers, or with Medicaid, Free Care Program (provided by MGH to lowincome patients), or no insurance. Abnormal mammograms were defined according to the Breast Imaging-Reporting and Data System (BI-RADS), with BI-RADS 0, 3, 4, and 5 considered abnormal. 21 The intervention-group patients were identified using a MGH Chelsea PN database; the comparisongroup patients, from electronic medical records.
Outcomes
The primary outcomes were the proportion of women who received appropriate follow-up after an abnormal mammogram and time to follow-up care. According to the American College of Radiology, follow-up recommendations for abnormal mammograms depend on the BI-RADS category. BI-RADS category 0 indicates that additional imaging is needed; BI-RADS 3, recommended return in 6 months for repeat imaging; and BI-RADS 4 and 5, recommended biopsy. 21 Using these guidelines, we defined appropriate follow-up in this study as follows: BI-RADS 0, follow-up imaging within 3 months; BI-RADS 3, follow-up imaging within 9 months; BI-RADS 4/5, biopsy within 3 months. BI-RADS 0 women who received a follow-up mammogram with BI-RADS 3, 4, or 5 were reclassified into the higher BI-RADS category for analyses of these categories.
Analyses
Patient characteristics between navigated and comparison groups were evaluated using t-tests or chi-squared tests, as appropriate. For our primary outcome, we compared the proportion of patients who received appropriate follow-up of abnormal screening mammography between navigated and comparison groups. We used logistic regression and adjusted for patient age, race, primary language, number of clinic visits, and whether the patient was linked with a specific primary care physician (PCP). 22 The time to appropriate follow-up was depicted with Kaplan-Meier survival plots and compared using the log-rank test. Cox proportional hazards models were used to compare groups while adjusting for potential confounders. Censoring occurred if women did not receive appropriate follow-up within 90 (BI-RADS 0, 4, 5) or 270 (BI-RADS 3) days. The Partners Institutional Review Board approved all study activities.
Results
Over the 4-year period 2007-2010, 146 women with abnormal mammograms were at the CHC with PN, and 223 women with abnormal mammograms were in the practices without PN. Women from the CHC with PN were more likely to be Latina, linked to a specific PCP, less likely to speak English, have more clinic visits over the prior 3 years, and more likely to have a mammogram with a BI-RADS of 4 or 5. There were no significant differences by age or insurance status between groups (Table 1) . During the study period, 17 women receiving care at CHC with PN were diagnosed with invasive breast cancer compared to 9 diagnosed cancers in women seen in practices without PN.
In the CHC with PN, 132 of 146 (90.4%) women with abnormal mammograms received appropriate and timely follow-up compared to 168 of 223 (75.3%) women in the other practices (adjusted p = 0.006). Table 2 displays the proportions with appropriate follow-up by BI-RADS score in the navigated and comparison groups. Most women with BI-RADS 0 received appropriate follow-up in both groups (93.7% in the navigated group vs. 90.2% in the comparison group, p = 0.24). In women with BI-RADS 3, a larger proportion of navigated women (85.7%) received appropriate follow-up than did women from practices without PN (49.2%, p = 0.003). Among women with BI-RADS 4/5, 95.1% of women from the CHC with PN received appropriate follow-up compared with 82.8% of women in comparison practices ( p = 0.26) (Fig. 1) .
Figures 2, 3, and 4 show the Kaplan-Meier plots for time to follow-up in navigated and comparison groups, depending on the BI-RADS mammographic abnormality. Time to follow-2 PERCAC-LIMA up was similar between groups following BI-RADS 0 (Fig.  2) , whereas the navigated group received follow-up sooner following BI-RADS 3 ( (Table 3 ).
Discussion
Our study compared the follow-up of disadvantaged women with an abnormal screening mammogram according to whether they received PN. We showed that women with an abnormal mammogram receiving care in the CHC with PN as part of usual care more often received appropriate follow-up care than did disadvantaged women seen in practices without PN within the same primary care network. This finding was greatest for women with a BI-RADS 3 mammogram result, requiring a follow-up examination in 6 months.
Overall, PN improved appropriate follow-up of abnormal mammogram by 15% compared to the nonnavigated group. This result is similar to the improvements achieved in followup of mammographic abnormality published in two PN reviews. 8, 10 The recent large RCTs focused on time to resolution of the abnormal screening result. The study by Markossian et al. showed a positive effect of PN on follow-up of abnormal breast cancer screening during the whole navigated period, whereas other studies reported the significant difference 
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between PN and control groups after 60 days, 11,14 after 3 months, 15 or only 6 months after the abnormal breast screening result. 17 However, these studies did not always distinguish the type of mammogram abnormality and often included both women with abnormalities on screening mammogram and women with abnormal clinical findings. In our study, we assessed follow-up of abnormal screening mammogram results calling for immediate follow-up within 90 days and those calling for short-term follow-up within 6 months. We found that the magnitude of the benefit of PN depended on the type of abnormal mammogram. In contrast to the study by Raich et al., 18 our study showed high rates of appropriate follow-up in both PN and comparison patients following an abnormality, indicating the need for additional imaging (BI-RADS 0).
The lack of difference between the groups may have resulted from follow-up procedures by the radiology department. All patients with BI-RADS 0 mammogram assessment receive three phone calls and a letter to remind/help them schedule the follow-up mammogram. If the patient still does not complete a follow-up mammogram, the ordering provider is contacted. In our study, PN was most beneficial for women with BI-RADS 3 abnormality, similar to results reported by Raich et al. and Ramirez et al. 18, 23 Without navigation, less than half the disadvantaged women with BI-RADS 3 recommendations received appropriate follow-up care, compared to 86% in the navigated group. Currently, except for PN at MGH Chelsea, there are no hospital-wide systems to expedite follow-up post-BI-RADS 3 abnormality. Similarly as reported by Battaglia et al., 11 among women with BI-RADS 4/5 abnormalities, navigated women appeared to receive breast lesion biopsy earlier than women without navigation, although this result did not reach statistical significance in adjusted models. BI-RADS 4/5 recommends surgery or biopsy, which may require an additional scheduling step and, in our health system, requires patients to go to the main hospital rather than a local facility where they receive their screening mammogram. Navigators likely facilitated this transition, often accompanying patients to their biopsy appointments. In addition, fear may cause some patients to delay or refuse biopsy, and patient navigators may help allay patients' fears and communicate the importance of having a diagnostic biopsy.
MGH Chelsea, the CHC with PN, is part of a primary care network within a larger accountable care organization (ACO.) ACOs are an integral part of the restructuring of healthcare delivery with the implementation of the Affordable Care Act in the United States. An ACO is a provider-led organization whose mission is to manage the full continuum of care and to be accountable for the overall costs and quality of care for a defined population. 24 The ACO goal is to provide integrated and efficient care by fostering local organizational accountability for quality and costs through performance measurement. An essential part of this mission is equity in care. Currently, most PN programs to improve follow-up after an abnormal breast cancer screening are located in health centers or primary care networks that serve predominately disadvantaged patients. 11, 12, 14, [16] [17] [18] [19] Even in these settings, PN had the greatest benefit in populations at risk of being lost to follow-up. 13 To be able to reach out to all disadvantaged patients within large primary care networks serving a diverse population, population management information technology systems need to identify high-risk patients in need of PN following an abnormal cancer screening result. 25 Combining PN targeted to locations where disadvantaged patients are concentrated 11, 12, [14] [15] [16] [17] [18] [19] and individual targeting of high-risk, disadvantaged patients within any practice in an ACO may be complementary and could potentially reduce disparities more than either approach alone. Future studies should assess the clinical and cost effectiveness of these approaches.
Several important limitations of our study warrant consideration. PN was implemented as part of usual care, so we did not have an RTC group to assess the program's effectiveness. Because Chelsea has unique demographic characteristics within Massachusetts, finding a suitable comparison group was challenging. We chose as a comparison group disadvantaged women from other practices in our network at risk for disparities in cancer care. PN was offered in only one CHC within an academic primary care network and may not be generalizable to other clinical settings. If patients from other practices were more likely to have had follow-up of abnormal mammography outside of our network than women from MGH Chelsea, our comparison may overestimate the effect of PN. However, unlike MGH Chelsea, five practices within our primary care network are located near the main hospital, in the same geographic area where the diagnostic mammogram and biopsies are performed, making it more convenient for disadvantaged patients receiving care in those practices to receive timely follow-up. In this study, we did not assess the effect of distance from the practice/or patients' homes to the diagnostic facility in Boston on time to appropriate follow-up after an abnormal breast screening result. Although, according to MGH Chelsea protocol, every patient with an abnormal mammogram is referred to PN, not all eligible women seen in the PN clinic in fact engaged with a navigator. They might have moved, had care elsewhere, or refused services, or the navigator was not able to contact them. Since our analyses included patients regardless of whether the navigator was able to engage them in care, our results may underestimate the true impact of PN in those with abnormal mammograms.
Conclusions
The findings of this study suggest that among disadvantaged women, PN increases appropriate follow-up care after an abnormal screening mammogram. To improve equity and quality of cancer care, PN should be expanded to include high-risk disadvantaged patients within primary care networks. b Includes all patients with BI-RADS 0 for initial screening mammogram (n = 304). c Includes patients initially BI-RADS 0 who had a follow-up mammogram that was BI-RADS 3 (n = 81) or 4/5 (n = 84).
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